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Abstract
Southern rust caused by the fungus Puccinia polysora (Underwood) is the most
economically important foliar disease in corn (Zea mays) (Linnaeus) (Cyperales: Poaceae)) for
Arkansas. The objective of this work was to determine distribution of southern rust in corn and to
determine factors that may control its distribution.
During the 2017 and 2018 season, seven corn fields in Arkansas were rated for southern
rust. After disease confirmation, fields were marked with GPS sample point locations in a grid
pattern across the entire field. Ratings for disease severity were taken below, at, and above the ear
leaf at each point every two weeks until maturity. Data analyses showed that southern rust did not
occur randomly, which is common thought about foliar diseases. However, the disease spread in a
uniform fashion across each field but also built in localized areas and were statistically clustered
(P = 0.05). This distribution indicates the disease is likely dependent on clustered environmental
phenomenon’s that favor development. Soil samples were collected at each GPS point. A
significant positive correlation existed between relative levels of phosphorus and southern rust
severity in five of seven fields (P = 0.05). A normalized difference vegetative index (NDVI) ratio
was calculated for four fields. There was a significant positive correlation with relatively higher
canopy density in early June and relatively higher southern rust severity weeks later (P = 0.05).
A planting date study was conducted over the 2017 and 2018 growing seasons. The trial
was conducted in randomized 4-row wide plots in 2017 and 2-row wide strips in 2018 with six
planting dates (15 May, 1 Jun, 15 Jun, 1 Jul, 15 Jul, 1 Aug). Objectives included if southern rust
severity influenced pre-harvest lodging, and disease severity relative to date and growth stage.
Lodging was not observed in either year and southern rust was most severe in early planted plots
compared to later planted plots. In both years, southern rust infested the three earliest planting

dates 2-3 weeks prior to the later three planting dates. These results suggest that southern rust
severity is dependent on another factor in the field, likely environmental.
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CHAPTER 1: Literature Review and Project Background

Arkansas Corn Production Practices
The Mississippi Delta region of Arkansas makes up the entire eastern side of the state from
the southern border of Missouri to the northern border of Louisiana. The Arkansas River runs
through the middle of the state from west to east and has row crop agriculture on both sides of the
river from Oklahoma to Mississippi. The Mississippi river runs the entire length of the eastern
border of the state with row crop agriculture following from north to south. The Mississippi and
Arkansas River valleys are ideal for growing many different crops, including corn (Zea mays).
This area has some of the most fertile farmland in the United States where 2.5 million hectares of
row crops are grown annually (Patton, 2016). In 2013, Arkansas growers planted 404,000 hectares
of corn, the greatest since 1951. In 2016, Arkansas growers planted 303,643 hectares of all-purpose
field corn, up 117,409 hectares from 2015-planted field corn. Arkansas field corn production for
2016 was forecasted at 3,378,356 metric tons, which was up 65% from 2015. Corn comprised
roughly 9% of row crops planted in 2016, which ranked 3rd behind soybeans (1,267,206 hectares)
and rice (625,910 hectares) in the state. Cotton ranked 4th with 153,846 hectares planted in 2016.
Cotton prices were low relative to recommended input costs which likely influenced farmers to
increase their corn acreage for a higher profit potential (USDA, 2016). In 2017, Arkansas growers
planted 246,048 hectares of all-purpose field corn (USDA, 2017). In 2018, Arkansas growers
planted 267,092 hectares of all-purpose field corn (USDA, 2018). While corn is not the most
planted row crop for Arkansas in hectares, it is still a vital part of Arkansas agriculture.
Arkansas soils are relatively fertile and have produced high yielding corn comparable with
other states (Figure 1). Arkansas farmers fertilize corn aggressively with nitrogen (N) fertilizer
(typically urea). Common recommendations for N fertilization are to apply 1/4 - 1/3 of total
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nitrogen for the year just before or immediately after planting. When the corn plant has between
four vegetative leaves (V4) and six vegetative leaves (V6) a side dress application of N is
recommended (Kelly and Lawson 2017). Determining the input units of N per acre are dependent
on yield goals and soil textures. Soils in the Mississippi Alluvial Plain are predominantly Alfisols
and Vertisols developed from alluvial and loess materials (Patton, 2016). Soils with sandy and silt
loam textures have been more profitable than heavy clay soils due to problems associated with
clays including increased water holding capacity, soil-borne pathogens, and compaction. Most of
the corn in Arkansas is planted in March or April with seeding rates varying from 39,000-79,000
plants per hectare and is predominantly harvested through the month of August (Espinoza, 2017).
Farmers tend to plant corn on raised beds, and roughly 90% of corn hectares are irrigated in
Arkansas. Furrow irrigation is the standard in Arkansas; however, overhead irrigation pivots are
utilized when land has not been precision leveled.
Growers face many corn pests. Weed pressure in Arkansas is a concern for every farmer
and chemical applications are widely used. Farmers have numerous options for weed control as
there are currently over 130 different herbicides labeled for weed control in corn for the United
States (Scott and Smith 2017). Common weeds in Arkansas corn include morning glory (Ipomoea
spp.), pigweed (Palmer amaranth), barnyard grass (Echinochloa crus-galli), nutsedge (Cyperus
spp.) and crabgrass (Digitareia spp.).

These weeds and others can become increasingly

troublesome if not controlled due to competition for nutrients and water with crop, shading crop,
and hindering harvest operations. Weeds such as annual blue grass (Poa annua), annual ryegrass
(Lolium multiflorum), and mare’s tail (Hippuris vulgaris) typically appear in fields before planting
season requiring a “burn down” application. This application can be achieved by ground spray rigs
or by plane, and a wide variety of unselective active ingredients are labeled such as 2,4-D, atrazine,

3
paraquat, glufosinate, glyphosate, and metolachlor. Atrazine is the basis of most chemical weed
control programs in Arkansas corn, with over 80 percent of planted area receiving at least one
application (Scott and Smith 2017). Atrazine can be applied pre-or post-emergence but should not
be applied after corn is 30 centimeters tall (Kelly and Lawson 2017). Stacked trait corn hybrids
that include more than one herbicide resistance gene incorporated into the plant genome have
become popular. Most corn hybrids have the glyphosate and glufosinate tolerant traits. Glyphosate
cannot be applied past plant growth stage V8 due to pollen deformation and reduced pollen
viability. Weed control is important in determining final yields. In the first six weeks after
planting, a light infestation of weeds can decrease yields by 10-15% and heavy infestations by up
to 50 percent (Scott and Smith 2017).
Insect pests are typically a minor problem on corn in Arkansas. Like weeds, insect pest
pressure can be minimized if pesticide application timing and rate are correct. However, farmers
can help prevent insect infestation by planting early, as the infestation potential becomes higher in
later planted corn (Johnson et al. 2017). From a farmer’s perspective, the major insect pests of
Arkansas field corn can be divided into two groups; i.e., those attacking seed and seedlings early
in the season and those attacking foliage later in the season (Mcleod and Studebaker 2017). Some
early season pests on corn include cutworms (Agrotis spp.), thrips (Thysanoptera), seed corn
maggot (Delia platura (Meigen) (Diptera: Anthomyiidae)), and wireworms (Coleoptera spp.)
Mid- to late-season insect pests include corn leaf aphid (Rhopalosiphum maidis (Fitch)
(Hemiptera: Aphididae)), fall armyworms (Spodoptera frugiperda (Smith) (Lepidoptera:
Noctuidae)), corn earworms (Helicoverpa zea (Boddie) (Lepidortera: Noctuidae)), and
southwestern corn borers (Diatraea grandiosella (Dyar) (Lepidoptera: Crambidae)). Many corn
hybrids have one or more gene traits for resistance against these insect pests.
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Early season seedling diseases occur in different areas of Arkansas annually. Cool and wet,
poorly drained, and compacted soils are all suitable environments for seed-borne and soil-borne
pathogens such as, Pythium, Rhizoctonia, Diplodia, Fusarium, and Penicillium to cause disease.
Fungicide seed treatments can help protect corn from these pathogens. Essentially all commercial
hybrid seed corn is treated with one or more fungicides (Cartwright et al. 2017). Over 40 species
of nematodes have been reported to feed on corn; however, nematode damage is not as severe as
in cotton and soybeans (Cartwright et al. 2017). Corn is an excellent host for southern root-knot
nematode, Meloidogyne incognita, but the damage is not always seen because the plant is vigorous
with a large root system. Therefore, it is not a good rotation partner for susceptible cotton and
soybean varieties.
There are a number of foliar diseases in Arkansas that impact corn such as, northern corn
leaf blight (Exserohilum turcicum), common rust (Puccinia sorghi), Diplodia ear rot
(Stenocarpella maydis), and southern rust (Puccinia polysora). Different fungicides with different
modes of action can be used to treat diseases effectively if the disease severity levels reach
threshold. There are three classes of fungicides that are used most often in Arkansas row crops:
Succinate Dehydrogenase Inhibitors (SDHI), Quinone outside Inhibitor (QoI), and Demethylation
Inhibitors (DMI). Fungicides in the class SDHI affect mitochondrial respiration and interfere with
the pathogen’s capacity to generate energy for growth. This class of fungicides is labeled as a
FRAC code 7 and the risk of resistance is moderate to low. QoI fungicides inhibit pathogen growth
by interfering with energy production in fungal mitochondria. As stored energy is exhausted,
fungal growth is stopped or severely reduced. This class of fungicides is labeled as a FRAC code
11 and the risk of resistance is moderate to high. Resistance has developed in QoI fungicides
among several pathogen populations when fungicides are liberally applied over several seasons.
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Cross-resistance has been reported in many cases across QoI fungicides. Cross-resistance is a
phenomenon that occurs when resistance arises to one fungicide that also results in resistance to
another fungicide with the same target site (Leroux and Gredt 1989). DMI fungicides interfere
with ergosterol production in sensitive fungi. Ergosterol is an essential component of fungal cell
membranes. Without ergosterol in proper concentrations, cell membrane function halts and growth
stops. This class of fungicides is labeled as a FRAC code 3 and resistance has been confirmed in
certain pathogen populations. However, resistance is quantitative with this class meaning in some
cases adequate control can be achieved by increasing application rates and decreasing application
intervals. Cross-resistance among DMI fungicides should be expected (Latin, 2011).
Southern rust (SR) is the most important disease in Arkansas corn production annually
and sporadic epidemics have made growers increasingly concerned of its potential impact to yield.
While the typical recommendation from the University of Arkansas System Division of
Agriculture Cooperative Extension Service is that fungicides only be applied when disease is
present, fears of southern rust being “present but not noticed” or “not noticed quickly enough” in
addition to the promise from retail sellers of “increased yields due to plant health effects” have
made farmer’s and consultants eager to apply fungicides even when corn prices were lower than
desired.
Southern rust
Southern rust was first identified in Alabama in 1891 on Eastern Gammagrass (Tripiacum
dactyloides L) (Underwood, 1897). The fungus was first scouted and confirmed in the Corn Belt
in Indiana in 1949 and later scouted and confirmed in North Carolina in 1958 (Ullstrup, 1965).
Southern rust is caused by P. polysora (Underwood) and is widely established in warm-temperate
and tropical areas. Puccinia polysora spores do not overwinter in Arkansas; however, evidence
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suggests the majority of inoculum, called urediniospores, are blown in annually from the south
with spring and summer weather systems that come from Mexico or the Caribbean. In the United
States, SR is typically scouted and confirmed first in Florida, Louisiana, and Texas. Southern rust
is typically confined to the lower Mississippi Valley and Texas, but the disease has been confirmed
as far north as Massachusetts (Melching, 1975).
SR may be becoming a more prevalent and troublesome disease than it has been in past
years. Changing planting practices in Mexico, where corn hectares have doubled, and increased
planting in Florida, Arkansas, Mississippi, and Louisiana, where hectares have quadrupled since
1989 has increased inoculum, which allows the pathogen to establish earlier and likely in a more
widespread pattern. This disease was regarded as a minor pathogen of corn for several decades
until the increased demand in the southern United States for corn to feed poultry, dairy cows, and
swine increased the number of hectares planted (Vincelli, 2010). The increase in corn hectares has
expanded the corn host environment in the warm climates that are conducive for the disease to
spread and overwinter (Vincelli, 2010). SR arrives at different times and in different areas each
year. This is linked to ever-changing weather patterns and the planting date of corn in the area.
However, the disease can cause widespread damage and lead to severe yield loss if not scouted
properly and fungicides are not applied in a timely manner when conditions are favorable for
disease development. SR can become severe if favorable weather patterns for disease development
are present and there is more green tissue present for the disease to infect. Urediniospores can
become so numerous that leaf and sheath tissues become necrotic, and plants are prematurely
desiccated (Rodriguez et al. 1980).
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Morphology and Identification
SR can be identified by small orange to tan pustules clustered together on the upper surface
of the corn leaf. The SR pustules tend to be first observed on the lower leaves of the corn plant but
can be first detected at any location on the plant. When the weather is favorable (warm and humid)
the spores are spread up the plant and throughout the canopy. The pustules that are visible on the
leaf are urediniospores (asexual spores) and teliospores. These spores are oval and approximately
0.2-2.0 mm long (Pataky, 2016). Southern rust favors warm weather with its optimal infection and
growing temperature being 25-32°C (Dolzeal et al. 2009). Puccinia sorghi, common rust (CR), is
frequently misidentified as SR. Common rust pustules tend to be present on both sides of the leaf
and appear dark red to brown (Figure 2). Common rust tends to be observed earlier in the growing
season because it favors cooler weather (16-25°C) for optimal infection. (Dolzeal et al. 2009).
Examining the spores under a microscope is the only definitive way to distinguish between the SR
and CR pathogens. Southern rust spores are oval shaped with elongated uredinia and telia, whereas
common rust spores are largely circular (Figure 3). Urediniospores constitute primary and
secondary inoculum and are carried by wind and changing weather patterns. The role of teliospores
in the disease cycle is unknown (Pataky, 2016). Southern rust spores are transported by wind from
one area to another prior to establishment. Spores require approximately six hours of free moisture
on the leaf for infection and disease development (Rodriquez et al. 1980). When conditions are
favorable for SR development, the disease cycle will repeat, and asexual spores will disseminate
throughout the field as a secondary disease cycle. The secondary cycle will repeat itself until green
tissue is exhausted or favorable weather conditions cease. Southern rust leads to widespread death
of the infected corn tissue, severe desiccation of the plant, and early senescence (Rodriquez et al.
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1980). Severity of the disease increases as the plant develops and has been reported to be severe
in late-planted corn (Futrell, 1975).
Management
Southern rust is primarily a foliar disease but in severe cases, the pustules can be found on
the husk, stalk and sheath. Lodging of corn has been thought to occur as an indirect result of
photosynthetic loss. In severe cases of SR outbreaks, usually on late-planted corn, yield losses of
up to 50% have been reported (Rodriquez et al. 1980). Futrell designated four cornfields planted
with the same variety of corn each with different planting dates (20 April, 8 May, 20 May, and 25
June) in Trigg County, Kentucky. Fields were scouted on 20 August for SR severity and yield data
collected at harvest. The most severe (80% SR) was in the 25 June planted corn, the field also
experienced an almost 50% reduction in yield compared to the field planted 20 April (Futrell,
1975).
Since Puccinia polysora does not overwinter in the United States (Figure 4), tillage and
other common cultural practices are not effective. The disease tends to arrive in southeastern
Arkansas around the end of June or beginning of July, but the timing varies according to weather
patterns. Farmers in the southeastern part of the state can typically avoid yield loss from SR by
planting corn early as possible. The earlier planting date gives the opportunity for corn to be in the
later stages of maturity when the disease typically arrives. Management of the disease will be
different when the corn is at different growth stages (Espinoza, 2017). Disease severity, weather
patterns and growth stages should all be accounted for when making decisions on management of
the disease. Farmers in the northern part of the state observe SR more frequently due to later
planted corn. Corn hybrids vary only slightly in their susceptibility to SR and growers tend to
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choose the hybrids with the greatest yield potential. Therefore, management relies primarily on
scouting and spraying if an epidemic occurs.
Most hybrid corn is susceptible to SR. In 1965, Ullstrup identified a single gene, Rpp9,
from a South African corn hybrid that was resistant to P. polysora. This gene has been bred into
many hybrids; however, these hybrids have not been widely adopted due to yield limitations.
While resistance is the primary management practice recommended for plant diseases. There are
eleven genes controlling specific resistance to P. polysora, numbered Rpp1-Rpp11, but their
deployment has led to yield drag, which deters farmers to not plant these resistant hybrids. Yield
drag represents a negative effect on grain yield associated with a specific gene, trait or technology.
Timing and effectiveness of fungicide applications for P. polysora is controversial. The
state of Arkansas does not have an economic threshold for this pathogen on corn due to lack of
and/or inconclusive data, although it is estimated to be around 5% on the ear leaf prior to R3.
Agricultural retailers often recommend certain fungicide products claiming an early application of
a fungicide on corn in the absence of southern rust will increase yield. However, fungicides have
not been shown to increase yield in the absence of disease but have been shown to protect yield by
limiting the impact of the disease (Allen, 2011).
Phosphorus in Corn
Phosphorus fertilization is a major input in crop production, as many soils lack P for
optimum crop production (Nyborg et al. 1999). Phosphorous availability is critical in early corn
growth and development and the macro nutrient moves very little in the soil. Farmers typically
apply phosphorous in the fall using a fertilizer spreader that broadcasts the granular fertilizer on
top of the soil. The nutrient can stay in the soil for several months before the corn is planted and
the crop begins to uptake the nutrient from the soil. Also, phosphorus can be applied during
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planting using a liquid formulation, where a tube is in place behind the Colter, soil-cutting
implement that lays the liquid in the soil with the seed. Phosphorus is critical in the metabolism of
the plant, playing a role in cellular energy transfer, respiration and photosynthesis (Glass et al.,
1980). Phosphorus is also a structural component of the nucleic acids of genes and chromosomes
and many coenzymes, which is why an adequate supply of phosphorous is essential and most
crucial in early growth and development of corn plants. Phosphorus limitation later in the season
has a much smaller impact on crop growth and seed production. Low levels of phosphorous in the
soil during early vegetative development will result in restricted crop growth and affected plants
will not recover even if generous amounts of phosphorous are added later in the growing season
(Grant et al., 2001). Phosphorus deficiency can be easily spotted in a young corn plant, with
symptomatic purple leaf margins. Corn plants with inadequate levels of phosphorous can seem to
be stunted and less healthy compared to other plants throughout the field.
Precision Agriculture
Within the past decade, the push for precision agriculture has been ever increasing.
Precision agriculture is the use of geospatial techniques and sensors (e.g., geographic information
systems, remote sensing, and GPS) to identify variations in the field and to deal with them using
alternative strategies (Zhang and Kovacs 2012). Aerial imagery refers to images taken from an
aircraft, either an unmanned aerial system (UAS)/drone or manned aircraft. Aerial imagery in
agriculture has long been used to make maps and determine field and property boundaries since
the Landsat 1 was launched on July 23, 1972. High-resolution satellite imagery is commonly used
to study variations in fields due to crop and/or soil conditions. High costs of these satellite images
have pushed for an alternative product for the use in precision agriculture, with the alternative
product being sensors mounted on UAS or fixed wing aircrafts/planes. Operation of drones and
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planes are more cost efficient and have sensors that tend to produce higher spatial resolution as
they are closer to the ground than satellites.
Normalized difference vegetative index (NDVI) is a graphical indicator calculation, which
assesses whether the target being observed contains live green vegetation or not. Near-infrared
sensors use wavelengths of light outside of what regular Red Green Blue (RGB) cameras can
detect, and then an NDVI ratio is calculated from the visible red and near-infrared lights reflected
by vegetation. Agronomists and scientists have used this ratio for the last forty years to help
determine the health of plants. With a NDVI map of the field at a specific date, farmers and/or
consultants can see the areas of the field that are relatively “less healthy”, enter the field at that
area, and attempt to diagnose a problem. NDVI is a tool that can be incorporated in farming
practices to save time and money and allow for a more site-specific scouting model, i.e. precision
agriculture.
Internship Research Project and Objectives
In the summer of 2016, I completed an internship class, AGRI 4783, at the University of
Arkansas at Monticello. Dr. Kelly Bryant was the instructor of the course and Dr. Terry Spurlock,
plant pathologist at the Southeast Research and Extension Center, was my site advisor. Throughout
the summer, I assisted Dr. Spurlock with field trials dealing with management of diseases in row
crops. I took the 3-hour credit course over an “in-class” course to gain field experience. The
specific project I worked on was dealing with southern rust spatially as described in the following
paragraphs. The objective of this work was to determine the potential interaction between soilborne and foliar diseases.
Two fields, 1 and 2 were planted with the AgVenture hybrid RL9583YHB at 13,000
seeds/ha on raised beds spaced at 96.52 centimeters apart at the Rohwer branch of the Southeast

12
Research and Extension Center (SEREC) in Kelso, Arkansas. The tests were randomized complete
block designs where plots were 2-row strips running the length of the fields four rows wide. The
two rows on the outside were deemed border rows and the middle two strips were used for data
collection. Both fields were rated twice at each point in 3-meter stretch of single row for SR with
field 1 having two-hundred and eighty points in the field and field 2 having one- hundred and
ninety points in the field.
Field 1 was rated at the ear leaf (EL) and above-ear leaf (AEL) for the first time on 28 July
2016, and second rating on 10 Aug 2016. W1B was rated on 10 August and 31 August. At the
later rating in W1B, portions of the plants were turning necrotic. Therefore, the percentage of total
green tissue left at each point was recorded and the severity rating consisted of the amount of SR
at each point on the green tissue that was present. Treatments in field 1 consisted of untreated
strips, 1, 3-dichloropropene (Telone II, Dow AgroSciences, Indianapolis, IN) applied at 28.06 L/ha
pre-plant, Telone II at 56.12 L/ha pre-plant, prothioconazole, trifloxystrobin (Stratego YLD, Bayer
Crop Science, St. Louis, MO) at .3653 L/ha applied at R3, azoxystrobin, propiconazole,
benzovindiflupyr (Trivapro, Syngenta Crop Protection, Basel, Switzerland) at 1 L/ha applied at
R3, Telone II 28.06 L/ha + StrategoYLD .3653 L/ha applied pre-plant+R3, and Telone II 28.06
L/ha + Trivapro at 1 L/ha applied pre-plant+R3. Treatments in field 2 consisted of untreated strips,
Telone II applied at 28.06 L/ha pre-plant, Trivapro 1 L/ha applied at R3, and Telone II 28.06 L/ha
+ Trivapro at 1 L/ha applied pre-plant+R3. Telone II treatments in 1EF were applied ten days prior
to planting and Telone II treatments in field 2 were applied seven days prior to planting.
Treatments were applied with a specialized coulter rig that injected the liquid nematicide into the
top of the bed, where it became a gas, and then the coulter slice was immediately sealed with press
wheels. Foliar fungicide treatments were applied using a John Deere 6130 tractor with a sprayer
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attached to the hydraulic arms applying 140.2 L of water volume per hectare at 275.8 kPa. The
sprayer application width covered four rows, the width of each plot. Two rows were left unplanted
between corn plots, and used as drive rows, allowing the tractor to be driven through the field with
the spray rig offset over the plots. Statistical analyses were conducted with Agriculture Research
Management (ARM) (Version 2018, Gylling Data Management Inc., Brookings, South Dakota)
using a randomized complete block design.
In field 1, there was no significant difference in the SR severity between the untreated and
Telone II at 28.06 L/ha. However, Telone II applied at 56.12 L/ha had significantly more SR than
all other treatments (P = 0.05). The ear leaf rating was not significantly difference in SR severity
between the StrategoYLD at 0.3653 L/ha, Trivapro at 1 L/ha, Telone II 28.06 L/ha + Stratego
Yield at 0.3653 L/ha, or Telone II 28.06 L/ha + Trivapro at 1 L/ha (Figure 5). When the EL was
rated a second time, treatments without fungicide had less SR due to a lack of green tissue (Figure
6A). Where more green tissue persisted, the SR had continued to increase (Figure 6B).
In field 2, SR severity at the EL was significantly less in the untreated plots compared with
Telone treated at 28.06 L/ha (P =0.05). Where fungicide was applied, there was not a significant
difference in SR severity between Trivapro and Trivapro + Telone II at the EL or AEL, but these
had significantly less SR than the untreated and Telone II. Where late SR developed on tissue that
had remained greener longer, there was a significant increase in SR where Telone II and Trivapro
was applied when compared to Trivapro alone (Figure 7). Both the untreated and the Telone II
only treatments had been devoid of green tissue due to disease and maturity.
In field 1, yield was higher in strips with fungicide applications alone and strips that had
both a fungicide application and Telone II application. Strips with two applications of Telone II
were lower with the untreated strips being the lowest (Figure 8).
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The results indicated some relationship of SR and plant health, as the disease seemed to
build preferentially where nematodes were controlled.

The Telone II-treated strips had

consistently more SR than the untreated. It is not clear why this occurred but does point to a field
level phenomenon occurring in plant growth and development likely governed by soil conditions,
either abiotic, biotic, or both. Due to unresolved policy by administration in the University of
Arkansas System Division of Agriculture at the time of this study, collection of aerial imagery was
prohibited. Therefore, the density of the canopy could not be assessed by reliable, defendable, and
efficient means.
These findings led to the development of my masters’ project examining the spatial
distribution of southern rust. The overall objective of my work was to determine SR distribution
in fields and why certain areas might be more suitable for SR development, severity, and possibly
damage. In addition, the distribution of SR, and relationship with plant health, point to an
opportunity to develop a predictive scouting model that could be used by farmers to save time and
money by more efficient detection of SR if relative plant health within fields is consistent.
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Appendix
Figures

Fig. 1. Average corn yields for all production in the US, 1987-2017.
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Fig. 2. Southern rust (left) compared to common rust (right) on infected corn leaves. Southern
rust spores are identified by small orange to tan pustules clustered together on the upper surface
of the corn leaf. Common rust tends to be present on both sides of the leaf and appear dark red to
brown.
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Fig. 3. Visual differentiation of southern rust (Puccinia polysora) and common rust (Puccinia
sorghi) Urediniospores through a microscope. Southern rust uredinia are light brown to orange,
circular to oval, 0.2-2.0 mm long and densely scattered on the upper surface of leaves. In
common rust uredinia are cinnamon brown and appear spherical (Pataky, 2016).
https://cropwatch.unl.edu/corn-disease-update-8-21-15
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Fig. 4. Disease cycle of Puccinia polysora. The pathogen overwinters in more tropical climates,
spores are carried by storms emerging from the south and land on and infect corn leaf tissue.
After the infection process has occurred, a secondary cycle will begins and spores disseminated
by wind and rain and infect corn leaf tissue.
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Fig. 5. Southern rust (SR) severity rating on corn at the ear leaf in field 1 taken 28 July 2016.
Treatments with the same letters are not significantly different at P = 0.05. The x-axis shows
different foliar fungicide applications and soil fumigant applications (Telone II). The y-axis
shows percent SR with a scale that measures 0-8%.
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A

Fig. 6. Percent green tissue (6A) and southern rust severity ratings (6B) at the ear leaf in field 1
taken 10 August 2016. Treatments with the same letters are not significantly different at P =
0.05.
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A

Fig. 7. The percentage of southern rust in field 2 in 2016. Ratings for A and B were taken 10
August and C 31 August at the ear leaf, above the ear leaf, or ear leaf and above. Treatments
with the same letters are not significantly different at P = 0.05.
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Fig. 8. Yield differences in the 1 corn field. Treatments with the same letters are not significantly
different at P = 0.05.
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CHAPTER II: Spatial Distribution and Spread of Southern Rust in Fields

Abstract
Southern rust (SR) caused by the fungus Puccinia polysora, is the most important foliar
corn disease in Arkansas. Due to the rapid reproduction of this fungus, initial identification of the
disease in fields causes great concern for growers. Additionally, timing of scouting and fungicide
application can be difficult because there is not an established threshold for fungicide application
in Arkansas and farmers often do not hire a corn scout. The objective of this work was to identify
the spatial distribution of SR in cornfields, track the spread of disease until harvest, and understand
correlation between SR severity and measurable field conditions. The spatial study was conducted
in seven independent fields across Arkansas during the 2017 and 2018 growing seasons where SR
was found. Each field was marked with a GPS system, and ratings were assigned for each GPS
point across each field. Data were analyzed spatially using Moran’s I. Results from the spatial
study showed among thirty-five different analyses the distribution of points positive for SR and
was significantly dispersed in 90% of analyses (P = 0.05). In 2017, for the 3, 5, and 5 ratings, the
quantities of SR were significantly clustered below the ear leaf (BEL), at the ear leaf (EL), and
above the ear leaf (AEL), respectively (P <0.10). In 2018, among fourteen different analyses, the
quantities of SR were clustered below, at, and above the ear leaf, respectively (P < 0.10). Others
were either randomly distributed, (5, non-significant) or there was not enough SR in the field to
generate a distribution at the initial detection. After harvest both years, soil samples were collected
at each GPS point and processed at the University of Arkansas Soil Testing Laboratory using the
Melich-3 method. Phosphorus levels (P) within fields varied and were aggregated (P = 0.05).
Positive spatial correlations existed across five of seven fields between SR and P (P = 0.10)
indicating that differences in SR severity could be controlled by plant growth and P could be a
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component of a SR predictive model. Also, a high correlation existed between relative changes in
NDVI and SR in 2017 and 2018 fields. This evidence suggests that the disease does not occur
randomly and is dependent on another factor, likely environmental in fields.
Introduction
Southern rust, Puccinia polysora, is a troublesome disease that can cause widespread
damage and yield loss without proper management. The fungus can be identified by small orange
pustules clustered together on the upper surface of the corn leaf. The SR pustules tend to be found
first in the lower leaves of the corn plant and when the weather is favorable, spores advance up the
plant and spread. The pathogen does not overwinter in Arkansas as the majority of inoculum,
called urediniospores are blown in annually from the south (Vincelli, 2010).
Southern rust is typically confirmed each year in the southern-most parts of the United
States, Texas and Florida. Most SR incidence occurs, in the lower Mississippi Valley and Texas,
but the disease has been confirmed as far north as Massachusetts (Melching, 1975). Favorable
weather conditions, approximately six hours of dew, and temperatures ranging from 25-28 °C are
required for infection and disease development (Rodriguez et al. 1980). After the disease is
established and favorable weather conditions are present, the urediniospores are dispersed through
the field via wind and rain. These spores serve as both primary and secondary inoculum. Southern
rust pustules can be found on husks and stalks in severe cases. Since the pathogen does not
overwinter in Arkansas, tillage practices do not influence local disease incidence.
Corn hybrids vary in susceptibility to the pathogen, but most hybrids planted are
susceptible to SR. A single resistance gene, Rpp9, from a South African maize hybrid, was first
identified in 1965 (Ullstrup, 1965). The Rpp9 gene was bred into many hybrids but the variety is
not common due to yield limitations. Today, there are eleven genes controlling specific resistance
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to P. polysora, which are designated Rpp1 to Rpp11. However, these resistant genes have been
associated with yield drag, which is a negative effect on grain yield. This persuades farmers not to
plant varieties with one of the eleven genes incorporated into the genome. Foliar fungicides can
be applied to corn via airplane if levels of SR are high. However, growers typically do not hire a
corn scout, so detection is problematic in many cases. This often results in prophylactic
applications of foliar fungicide as opposed to a monitoring-based approach.
Currently, there are no good options for management of SR other than scouting and
spraying. Without a reliable method of scouting and a data driven economic threshold, treatment
of the disease is most problematic for growers in Arkansas and the Mid-South.
A pilot study (see Chapter 1) suggested that SR builds preferentially in fields and is
positively correlated with improved plant health. If the disease is related to a measurable source
of variability, this could be used to inform scouting plans. The objective of this work was to
determine how SR moves throughout the field once established and how the disease builds relative
to other factors within fields. These findings should allow for the development of a more reliable
economic threshold and predictive scouting procedure.
Materials & Methods
Southern rust infestation was scouted for in more than 20 cornfields until four fields were
found infested with the disease in Arkansas in 2017 (Figure 1). The four field locations were
Plumerville, Grady-1 Grady-2, and Pickens (Table 1). The distributions of SR were tracked from
first detection to physiological maturity. Once SR was confirmed, the field was spatially marked
with SMS Mobile software (Ag Leader Technology, Ames, Iowa, USA) running on a Yuma 2 GPS
system (Trimble Inc., Sunnyvale, California, USA). Points were marked along rows in a
distribution representative of field scale, 7-30 meters. The number of points per row and field

28
were dependent on the size and orientation of the field relative to row and planting direction. Each
field was rated at the first detection of SR and every two weeks following until physiological
maturity. The average SR severity was calculated as a percentage across all points positive for SR
specific for each plant part and rating date. (Table 1). At every GPS point, a linear three-meter area
of row was rated as a total percentage of SR BEL, EL, and AEL. After harvest, soil samples were
collected from every GPS-marked point at each field on 26 or 27 Sep 2017. Soil was collected
and placed in plastic bags, approximately 3.79 L, labeled according to each field and GPS point,
and loaded into ice chests. Soil was sent to the University of Arkansas System Division of
Agriculture Soil Testing and Research Laboratory in Marianna, AR. After soil samples had been
taken from each field, a Veris Soil Electrical Conductivity (EC) Mapping System (Veris
Technologies Inc., Salina, Kansas, USA) implement was used to measure deep and shallow (EC).
Pickens was mapped on 28 Sep 2017, G-1 and G-2 on 29 Sep 2017, and Plumerville on 9 Apr
2017.
The marked GPS points were exported as a shape file (.shp) from the Yuma 2. All disease
rating data were recorded in an Excel spreadsheet (Microsoft Corporation, Redmond, WA) by GPS
position, and then copied into a data base file (.dbf) that accompanied the .shp file for each field.
The .shp file was imported into ArcMap (ESRI, Redlands, California, USA) and projected to the
coordinate system WGS 1984 Web Mercator Auxiliary Sphere where precise distances were
measured. Data from the SR ratings at each plant part were visualized and analyzed spatially in
ArcMap and GeoDa (Center for Spatial Data Science, University of Chicago, Chicago, Illinois,
USA) software. In ArcMap, the Geostatistical Wizard tool was used to spatially interpolate
variables at each rating date and plant part for visualization. In ArcMap, a binary Moran’s I was
used to show the number of points positive for SR at each rating date and plant part. Moran’s I is
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a measure of spatial autocorrelation, measuring how much close objects are in comparison with
other close objects (Moran, 1950). For the average nearest neighbor analysis, field points were
queried and points positive were analyzed. Also, kriging, spatial interpolation to estimate values
at unknown points based on values of known points, maps were created in ArcMap to give a visual
representation of distribution of different measured variables. In Geoda, a quantitative Moran’s I
was computed to show distribution of SR percentage at each rating date and plant part. Among the
distributions were random, which occurs in no particular pattern and is non- significant, dispersed,
which occurs in a relatively even pattern across and is significant, and aggregated, which is where
values are close together in a clustered fashion and is significant.
Mavrx LLC. (San Francisco, CA) collect aerial imagery from various designated research
fields and returned NDVI images of the fields at different dates through the 2017 growing season.
At each field, outliers were removed and the NDVI image was spatially joined to the .shp file that
contained SR data. A three-meter, six-meter, and nine-meter radius was analyzed from the NDVI
image around each point at the second (final) rating for at the ear leaf and above the ear leaf. Only
the final rating was analyzed in comparison to the NDVI images due to the adequate amount of
SR compared to a lesser amount from all fields’ first ratings. These analyses were completed to
determine correlation between the NDVI and SR severity levels. Data were analyzed using
ArcMap (ESRI, Redlands, California, USA) and projected to the coordinate system (WGS 1984
Web Mercator Auxiliary Sphere) where precise distances were measured.
In the summer of 2018, fields were identified through the Arkansas Corn and Grain
Sorghum Research Verification Program (CGSRVP) coordinated by Chuck Capps. The CGSRVP
was created in 2000 with the formation of the Arkansas Corn and Grain Sorghum Board which
helps fund the program through a corn and grain sorghum checkoff program. In 2018, there were
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seven corn fields used in the program ranging across the entire Mississippi River Delta of
Arkansas. All seven fields were flown by Mavrx LLC. (San Francisco, CA) in early June 2018,
where NDVI images were obtained. These seven corn fields were scouted weekly and only three
were found to be infested with SR early enough in the growing season to collect data and study
(Figure 2). The three fields that were positive for SR were in three independent counties (Clay,
Prairie, and Jackson) and the distributions of SR was tracked from first detection to physiological
maturity (Table 2). Once SR was confirmed fields were marked and data were collected as in the
previous year.
Upon detection of SR in a field during the 2018 growing season, that aerial imagery was
collected from each field using an unmanned aerial system (UAS), DJI Phantom 4 Pro (L.A.,
California, USA) carrying a sensor capable of collecting near-infrared imagery to calculate a
NDVI. Each field with SR that was spatially rated was flown at the time of rating for every rating.
Results
Distribution Analyses.
In the 2017 (Table 3) and 2018 (Table 4) growing seasons, results from the spatial study
showed that, among thirty-five different analyses, the distribution of points positive for SR was
significantly dispersed 90% of the time (P = 0.05). In 2017, for the 3, 5, and 5 ratings, the quantities
of SR were significantly clustered BEL, at the EL, and AEL, respectively (P < 0.10). In 2018,
among fourteen different analyses, the quantities of SR were clustered BEL, at the EL, and AEL,
respectively (P < 0.10). Others were either randomly distributed, (5, non-significant) or there was
not enough SR in the field to generate a distribution at the initial detection. Two ratings did not
have SR infestation at the particular plant part and field, and analyses could not be conducted. The
remaining distributions were randomly distributed (non- significant).
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Pickens. Southern rust was first detected on 7 Jul 2017 at R5 (dent). Out of one hundred
spatially marked GPS points, four were found to have SR at the EL and BEL, with no visible
infestation at the EL or AEL for the remaining points (Figure 3A). On 26 Jul 2017, the corn had
matured to R6, (black layer, physiological maturity). Therefore, plant material BEL (lower third
of plant) could not be rated because the leaves were absent or necrotic from maturation and/or
foliar disease. Southern rust was found at all one hundred points in the field at the EL (Figure 3B)
and AEL (Figure 3C) and was significantly dispersed (P = 0.05).
Grady-1. This field was only rated once because SR was first detected on 19 July 2017
when the crop had matured to R6. The lower third of the canopy was already necrotic from disease
and natural senescence, therefore the EL and AEL were the only ratings collected. Of seventythree points, SR was detected at every point both at the EL and AEL. The SR levels at the EL were
higher than other field observations and the greatest levels of SR were significantly clustered
(Figure 4A). The SR levels AEL were not as severe relative to the EL rating throughout the field.
However, the most severe areas of SR were AEL and were clustered at similar locations to the EL
(Figure 4B).
Grady-2. This field was rated three times. Southern rust was first detected on 28 June 2017
at R3 (milk). Eleven points out of the one hundred GPS points were found to be infested with SR
(Figure 5A). On 14 July the final BEL rating was collected at R4 (dough). All one hundred GPS
points were infested with SR BEL. The interpolated map shows SR built “horizontally” across the
field but also “vertically” and was most severe where the initial detection, two weeks prior, was
recorded (Figure 5B).
On 28 June 2017, SR was detected at the EL at one GPS point out of the one hundred
marked at R3 (milk). On 14 July 2017, the corn was rated again at the EL, R4 (dough), and all one
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hundred points were found to be infested with SR (Figure 6A). On 26 July 2017, the corn was
rated for the final time at the EL at R5 (Figure 6B). All one hundred points were infested with SR
and the interpolated map showed an area of the field where the disease was most severe and
clustered (Figure 6C). On 28 June 2017, southern rust was not detected AEL (Figure 7A). On 14
July 2017, SR was detected AEL at R4 at all points above the ear leaf (Figure 7B). On 26 July
2017, SR was found at R5 at all points AEL (Figure 7C).
Plumerville. The field near Plumerville was first rated and found to be infested with SR BEL
on 17 July 2017 at R4. The field was rated twice before the crop matured. The first rating on 17
July 2017 indicated that seventy-eight GPS points were infested with SR BEL (Figure 8A). The
second and final rating was on 2 August 2017 at R5.5 (half-starch) and all eighty GPS points were
infested with SR BEL (Figure 8B). The first rating at the EL showed that forty-two of the eighty
points were infested with southern rust (Figure 8C). On 2 August 2017, the corn had matured to
dent, and all eighty GPS points were found infested with SR at the EL (Figure 8D). On 17 July
2017, with the corn being at R4 twenty-one out of the eighty GPS points were found to be infested
with SR AEL (Figure 8E). The second and final AEL rating was on 2 August 2017, at dent. All
eighty GPS points were found to be infested with SR AEL (Figure 8F).
Prairie Co. In the 2018 growing season the field in Prairie County, Arkansas was the first
field found infested with SR on 26 July 2018. The corn was at R5 with twenty-four out of the one
hundred spatially marked points infested with southern rust BEL or at the EL with no visible
infestation AEL at any marked point (Figure 9A). The second and final rating was conducted on 6
August 2018 with the corn being at R6 growth stage. At black layer, a BEL rating was not recorded
due to the natural senescence in the lower canopy. All one hundred GPS points at the EL (Figure
9B) and AEL were found to be infested with southern rust (Figure 9C).
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Jackson Co. The field in Jackson County, Arkansas was first rated and found to be infested
with SR on 26 July 2018 at R5. Each GPS point was rated twice before the crop matured. The first
rating was on 26 July 2018 and ratings were conducted at the EL and AEL, a BEL rating was not
taken due to lack of green tissue. The 26 July 2018 rating indicated twelve out of the seventyseven GPS points infested with SR at the EL (Figure 10A). There were no visible signs of SR
infestation AEL at that rating. At R6, the field was rated for the second and final time on 6 August
2018. All seventy- seven GPS points were infested with SR (Figure 10B). The AEL rating
indicated seventeen GPS points were infested with SR at the final rating.
Clay Co. The field in Clay, County Arkansas was first rated and found to be infested with
SR on 26 July 2018 at R5. The crop was rated twice before it matured. The first rating on 26 July
2018 indicated that twelve of the one hundred and ten points were infested with SR BEL (Figure
11A). There was no visible infestation of SR at the EL or AEL. The second and final rating at R6
was conducted on 6 August 2018 at the EL and AEL and not BEL due to lack of green tissue in
the lower third of the canopy. Forty – four of the one hundred and ten points were infested with
SR at the EL (Figure 11B) and thirty- seven of the one hundred and ten points were infested with
SR AEL (Figure 11C).
Correlations between Phosphorus and SR severity. After the 2017 growing season, the
relationship between soil nutrient concentrations and SR severity was determined in all fields. A
significant positive relationship existed between relative changes in phosphorus levels and SR
severity (Table 5); Pickens (Figure 12), Grady-1 (Figure 13), Grady-2 (Figure 14), Plumerville
(Figure 15). In 2018, a similar relationship (P = 0.05) was determined in one of the three fields
analyzed, Prairie County (Figure 16).
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Correlation between Early NDVI and SR severity. In 2017, an early season NDVI was
calculated from 11 June 2017 imagery. Another NDVI was calculated from 5 August 2017
imagery. The 11 June NDVI image and the EL rating from 14 July were significantly correlated
(Figure 17) indicating SR severity followed relative changes in plant health from weeks before.
This was also evident in the 5 August NDVI image and the 26 July AEL rating (Figure 18). In
2018, in 17 of 19 different analyses, a significant correlation existed (P = 0.10) between SR
severity, at the EL and AEL during the final rating, and early season NDVI imagery for data
collected at three, six, and nine meters around each point in the three fields (Table 6). These
relationships are shown in figures 19, 20, and 21 for Prairie County, Jackson County, and Clay
County, respectively.
Discussion
The 2017 growing season was more favorable for SR development and severity than 2018.
The four fields from 2017 had much higher levels of SR throughout the year and the disease was
found approximately one month earlier than in 2018.
In 2017, SR severity and soil phosphorus levels were related across all fields tested. In
2018, only one of the three were related. However, a high correlation existed between relative
changes in NDVI and SR in 2017 and 2018 fields. The relationship between soil phosphorus and
NDVI has not been well studied in corn to our knowledge. Still, it is clear that SR builds
preferentially in fields based on sub-field environmental factors. In the fields rated, it is likely that
a denser corn canopy was provided by the healthier plants, created partly from higher soil fertility
(phosphorus) and measured by NDVI, and the result was highly aggregated areas in fields where
SR was more severe. The reproductive rate of the fungus and subsequent disease severity was
influenced by environment after the initial introduction of inoculum to the given area. These data
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suggest that changes in SR severity could be due to a more humid microclimate that is more
favorable for SR development. There could also be an association with less exposure to ultraviolet
radiation known to impact fungal spores.
These findings are important because they allow opportunities to improve our
understanding of why these areas are more suitable for disease. Also, the demonstrated aggregated
nature of the disease allows for development of a predictive scouting model that can be used by
farmers and consultants saving valuable time and money. Spatial maps of soil phosphorous content
could be a tool in the early detection of SR. This study did not produce evidence to suggest that
these areas in the fields had spores introduced first, but only that initial detection and infestation
occurred at these locations. It is possible that spores were also introduced in these areas at an
earlier time. However, this is unlikely given their position within fields rather than on field edges
in all locations. Corn growing closer to the borders of fields were likely contacted by viable spores
first. However, given the known importance of environment for disease development, it can be
deduced that these areas were less suited for SR development than areas more centrally located
within fields and these “edge effects” serve to further validate the sub-field environmental theory.
Foliar diseases, like SR, are thought to occur randomly throughout a field. These data do
not agree. Correlations were found between phosphorus levels and SR severity in five of the seven
fields over two growing seasons. In 2018, the two fields where the correlation was not observed,
had much less SR. It is not known if there is a physiological relationship between phosphorus and
SR, but plant available phosphorous in areas of fields should allow healthier, greener, more
productive plants that produce denser canopies, likely more suitable for SR with the inverse also
true.
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Appendix
Tables
Table 1. Fields rated for southern rust during the summer of 2017. Table shows location and size
of fields. The dates rated, plant parts rated, and growth stage at each rating is shown. Plant parts
include Below Ear Leaf (BEL) Ear Leaf (EL) and Above Ear Leaf (AEL).

Field

County

Coordinates

Ha

Dates
Rated

Pickens

Desha

33°50'3.91"N
91°29'19.38”W

25

12 Jul

26 Jul

Plumerville

Conway

35°7'52.61"N
92°39'16.10”W

24

18 Jul

2 Aug

Grady-1

Lincoln

34° 2'43.66"N
91°40'18.95”W

33

20 Jul

28 Jun

Grady-2

Lincoln

34°7'16.45"N
91°40'38.06”W

22

15 Jul

26 Jul

Plant
Parts

Avg.
%SR per
points
positive

Growth
Stage

BEL
EL
AEL

1.2
1
0

Dent (R5)

El
AEL

7.7
3.4

Black
Layer (R6)

BEL
EL
AEL

2.7
1.6
1.1

BEL
El
AEL

5.5
3.4
1.5

EL

37

AEL

20.1

Black
Layer (R6)

BEL
EL
AEL

1.3
1
NA

Milk (R3)

BEL
EL
AEL

7.6
3.6
1.4

Hard
Dough
(R4)

EL
AEL

10.9
4.4

Dent (R5)

Hard
Dough
(R4)
Dent
(R5.5)
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Table 2. Fields rated for southern rust (SR) during the summer of 2018. Table shows location
and size of fields. The dates rated, plant parts rated, and growth stage at each rating is shown.
Plant parts include Below Ear Leaf (BEL) Ear Leaf (EL) and Above Ear Leaf (AEL).

Plant
Parts

Avg.
%SRper
points
positve

EL

1.1

AEL

NA

El
AEL

1.3
1.2

Black Layer
(R6)

BEL
EL
AEL

1.5
1
1

Dent
(R5)

6 Aug

El
AEL

2.9
2

Black Layer
(R6)

26 Jul

BEL
EL
AEL

2
1.5
NA

Dent
(R5)

EL
AEL

2.1
1.6

Black
Layer
(R6)

Field

County

Coordinates

Ha

Dates
Rated

Jackson

Jackson

35°33'44.32"N
91°3'47.66”W

12

26 Jul

6 Aug

Prairie

Clay

Prairie

Clay

34°58'58.18"N
91°35'9.64”W

36° 16'38.38"N
90°27'36.44”W

13

21

26 Jul

6 Aug

Growth Stage

Dent (R5)
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Table 3. Southern rust distibutions from fields in 2017. Clustered and dispersed distibutions are
considered stistically significant (P=0.05)

Field

# points
positive for
SCR

Grady-1

73

Grady-1

73

Pickens

4

Pickens

4

Pickens

0

Pickens

100

Pickens

100

Grady-2

11

Grady-2

1

Grady-2

0

Grady-2

100

Grady-2

100

Grady-2

100

Grady-2

100

Grady-2

100

Plumerville

78

Plumerville

42

Plumerville

21

Plumerville

80

Plumerville

80

Plumerville

80

Binary Moran’s I

Quantitative Moran’s I

Plant Part
Ear Leaf
Above Ear
leaf
Below ear
leaf 1
Ear leaf 1
Above ear
leaf 1
Ear leaf 2
Above ear
leaf 2
Below ear
leaf 1
Ear leaf 1
Above ear
leaf 1
Below ear
leaf 2
Ear leaf 2
Above ear
leaf 2
Ear leaf 3
Above ear
leaf 3
Below ear
leaf 1
Ear leaf 1
Above ear
leaf 1
Below ear
leaf 2
Ear leaf 2
Above ear
leaf 2

P-value

Distribution

P value

Distribution

0.001

Dispersed

0.003

Clustered

0.001

Dispersed

0.001

Clustered

<0.001

Dispersed

0.275

Random

<0.001

Dispersed

0.229

Random

No Value

NA

No Value

NA

0.001

Dispersed

0.001

Clustered

0.001

Dispersed

0.001

Clustered

0.112

Random

0.269

Random

No Value

NA

0.227

Random

No Value

NA

No Value

NA

0.001

Dispersed

0.001

Clustered

0.001

Dispersed

0.001

Clustered

0.001

Dispersed

0.098

Clustered

0.001

Dispersed

0.001

Clustered

0.001

Dispersed

0.001

Clustered

0.001

Dispersed

0.002

Clustered

0.001

Dispersed

0.155

Random

0.003

Dispersed

0.355

Random

0.001

Dispersed

0.001

Clustered

0.001

Dispersed

0.001

Clustered

0.001

Dispersed

0.002

Clustered
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Table 4. Southern rust distibutions from fields in 2018. Clustered and dispersed distibutions are
considered stistically significant (P=0.05)

Field

# points
positive for
SCR

Jackson County

12

Jackson County

0

Jackson County

77

Jackson County

17

Prairie County

24

Prairie County

10

Prairie County

2

Prairie County

100

Prairie County

99

Clay County

12

Clay County

4

Clay County

0

Clay County
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Clay County

37

Binary Moran’s I

Quantitative Moran’s I

Plant Part
Ear Leaf 1
Above Ear
leaf 1
Ear leaf 2
Above Ear
leaf 2
Below ear
leaf 1
Ear leaf 1
Above ear
leaf 1
Ear leaf 2
Above ear
leaf 2
Below ear
leaf 1
Ear leaf 1
Above Ear
leaf 1
Ear leaf 2
Above Ear
leaf 2

P-value

Distribution

P value

Distribution

0.001

Dispersed

0.42

Random

No Value

NA

No Value

NA

0.001

Dispersed

0.001

Clustered

0.005

Dispersed

0.1

Clustered

0.001

Dispersed

0.001

Clustered

0.001

Dispersed

0.01

Clustered

<0.001

Dispersed

0.26

Random

0.003

Dispersed

0.001

Clustered

0.005

Dispersed

0.002

Clustered

0.001

Dispersed

0.18

Random

<0.001

Dispersed

0.05

Clustered

No Value

NA

No Value

NA

0.001

Dispersed

0.001

Clustered

0.001

Dispersed

0.002

Clustered
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Table 5. Correlation between southern rust severity ratings and phosphorous changes for each
independent field sampled during the 2017 and 2018 growing seasons. The data indicate that
there was a significant correlation between the two variables in five of the seven fields.

Year

Field

# of points

Dependent Independennt
Variable
Variable

Correlation

2017

Pickens

100

SR severity

Phosphorous

Significant

2017

Grady-1

73

SR severity

Phosphorous

Significant

2017

Grady-2

100

SR severity

Phosphorous

Significant

2017

Plumerville

80

SR severity

Phosphorous

Significant

2018

Prairie

100

SR severity

Phosphorous

Significant

2018

Jackon

77

SR severity

Phosphorous

Non-significant

2018

Clay

110

SR severity

Phosphorous

Non-significant
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Table 6. Correlation between early NDVI images taken on 2 Jun 2018 and southern rust severity
at different corn fields and on different plant part ratings, ear leaf (EL) and above ear leaf (AEL),
in the 2018 growing season.

Year

Field

Plant Part

Model

# of points

Radius around point

P- value

2018

Prairie

EL2

LAG

98

3 meters

0.002

2018

Prairie

EL2

LAG

98

6 meter

0.006

2018

Prairie

EL2

LAG

98

9 meters

0.001

2018

Prairie

AEL2

LAG

98

3 meters

0.002

2018

Prairie

AEL2

LAG

94

6 meters

0.1

2018

Prairie

AEL2

LAG

94

9 meters

0.003

2018

Jackson

EL2

LAG

76

3 meters

0.09

2018

Jackson

EL2

LAG

76

6 meter

0.08

2018

Jackson

EL2

LAG

76

9 meters

0.06

2018

Jackson

AEL2

LAG

76

3 meters

0.06

2018

Jackson

AEL2

LAG

76

6 meters

NS

2018

Jackson

AEL2

LAG

76

9 meters

0.04

2018

Clay

EL2

LAG

108

3 meters

0.007

2018

Clay

EL2

LAG

108

6 meter

0.01

2018

Clay

EL2

LAG

108

9 meters

0.02

2018

Clay

AEL2

LAG

108

3 meters

0.03

2018

Clay

AEL2

LAG

108

6 meters

0.02

2018

Clay

AEL2

LAG

108

9 meters

NS
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Figures

Fig. 1. Cornfields scouted and confirmed with southern rust in the 2017 growing season.
Plumerville is located in Conway County. Grady-1 and Grady-2 are located in Lincoln County.
Pickens is located in Desha County (ESRI, Redlands, California, USA).
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Fig.2. The seven fields used in the Arkansas Corn and Grain Sorghum Verification Program.
Three of the seven corn fields were scouted and confirmed with southern rust (ESRI, Redlands,
California, USA).
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3A

3B

3C

Fig. 3. Southern rust (SR) distribution and severity in the Pickens field at the first rating below the
ear leaf (3A) on 12 July 2017 at R5 (Dent) and at the second rating (3B and 3C) on 26 July 2017
at the ear leaf and above the ear leaf, respectively. Blue dots indicate the spatially marked GPS
points infested with SR. The interpolated color map indicates the estimate of severity using
ordinary kriging. All three distributions were significantly dispersed (P < .0001) as calculated
using a binary Moran’s I of points positive for SR. Calculated using a quantitative Moran’s I, SR
quantities were random upon establishment below and at ear leaf and became clustered as disease
severity progressed at ear leaf and above ear leaf. (P = 0.001)
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4A

4B

Fig. 4. Southern rust (SR) distribution and severity in the Grady-1 field at the first and only rating
on 19 July 2017 at black layer. Blue dots indicate the spatially marked GPS points infested with
SR. The interpolated color map indicates the estimate of severity using ordinary kriging. All
seventy-three spatially marked GPS points were infested with SR at the ear leaf (4A) and above
the ear leaf (4B) and significantly dispersed (P < .0001) calculated with binary Moran’s I.
Calculated using a quantitative Moran’s I, SR quantities were clustered at the ear (P = .003) and
above ear leaf rating (P = .001).
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5A

5B

Fig. 5. Southern rust (SR) distribution and severity in the Grady-2 field at the first rating below
the ear leaf on 28 June 2017 at R3 (milk) (5A) and at the second rating (5B) below the ear leaf on
14 July 2017. Blue dots indicate the spatially marked GPS points infested with SR. The
interpolated color map indicates the estimate of severity using ordinary kriging. (5A&5B)
Calculated using a binary Moran’s I of points positive for SR was randomly distributed at the first
rating (P = .1118) and significantly dispersed at the second rating (P < .001). Calculated using a
quantitative Moran’s I, SR quantities were random upon establishment below the ear leaf and
became clustered as disease severity progressed below the ear leaf (P = .001).
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6A

6B

6C

Fig. 6. Southern rust (SR) distribution and severity in the Grady-2 field at the ear leaf at the first
rating (6A) on 28 June 2017 at R3 (milk), second rating (6B) on 14 Jul 2017, and final rating (4C)
on 26 Jul 2017. Blue dots indicate the spatially marked GPS points infested with SR. The
interpolated color map indicates the estimate of severity using ordinary kriging. Calculated using
a binary Moran’s I all distributions were significantly dispersed at the ear leaf (P < .0001), except
the first rating due to only one-point positive for SR and was considered random. Calculated using
a quantitative Moran’s I, southern rust quantities were random upon establishment below and at
the ear leaf and became clustered as disease severity progressed at ear leaf (P = .001).
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7A

7B

7C

Fig. 7. Southern rust (SR) distribution and severity in the Grady-2 field above the ear leaf at the
first rating (7A) on 28 June 2017 at R3 (milk), second rating (7B) on 14 Jul 2017, and final rating
(7C) on 26 Jul 2017. Blue dots indicate the spatially marked GPS points infested with SR. The
interpolated color map indicates the estimate of severity using ordinary kriging. Calculated using
a binary Moran’s I all distributions were significantly dispersed above the ear leaf (P<.0001),
except the first rating due to no points positive for SR. (7B&7C) Calculated using a quantitative
Moran’s I, southern rust quantities were clustered above the ear leaf at the second (P = .098) and
third ratings (P = .001).
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8A

8B

8C

8D

8E

8F

Fig. 8. Southern rust (SR) distribution and severity at Plumerville at all three plant parts below ear
leaf (8A and 8B), ear leaf (8C and 8D), and above ear leaf (8E and 8F) at the first rating on 19 July
2017 at R4 (dough), second rating on 2 Aug 2017 R5.5 (dent). Blue dots indicate the spatially
marked GPS points infested with SR. The interpolated color map indicates the estimate of severity
using ordinary kriging. All six distributions were significantly dispersed (P < .0001) as calculated
using a binary Moran’s I of points positive for SR. Calculated using a quantitative Moran’s I,
southern rust quantities showed to be random upon establishment at the ear leaf and above the ear
leaf and becoming clustered as disease severity progressed at all plant part ratings (P < . 002).
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9A

9B

9C

Fig. 9. Southern rust (SR) distribution and severity in the Prairie County field below the ear leaf
at the first rating (9A) on 26 Jul 2018 at R5 (dent). The second and final rating was conducted on
6 Aug 2018 at the ear leaf (9B) and above the ear leaf (9C) at R6 (black layer). Blue dots indicate
the spatially marked GPS points infested with SR. The interpolated color map indicates the
estimate of severity using ordinary kriging. Calculated using a binary Moran’s I all distributions
were significantly dispersed at all ratings (P < .005). (9ABC) Calculated using a quantitative
Moran’s I, southern rust quantities were clustered at all ratings (P < .01) except for the first above
ear leaf rating due to not low SR severity.
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10A

10B

Fig. 10. Southern rust (SR) distribution and severity in the Jackson County field at the ear leaf at
the first rating (10A) on 26 Jul 2018 at R5 (dent). A below ear leaf rating was not conducted and
an above ear leaf rating was conducted with no visible signs of SR infestation. The second and
final rating was conducted on 6 Aug 2018 at R6 (black layer), at the ear leaf (10B) and above the
ear leaf. Blue dots indicate the spatially marked GPS points infested with SR. The interpolated
color map indicates the estimate of severity using ordinary kriging. Calculated using a binary
Moran’s I all distributions were significantly dispersed at all ratings (P < .005), except the first
above ear leaf rating due to no points positive for SR. (10B) Calculated using a quantitative
Moran’s I, southern rust quantities were clustered at the ear leaf (P = .001) and above the ear leaf
(P = .10) at the second and final rating.
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11A

11B

11C

Fig. 11. Southern rust (SR) distribution and severity in the Clay County field at below the ear leaf
at the first rating (11A) on 26 Jul 2018 at R5 (dent). The second and final rating was conducted on
6 Aug 2018 at R6 (black layer), at the ear leaf (11B) and above the ear leaf (11C). Blue dots
indicate the spatially marked GPS points infested with SR. The interpolated color map indicates
the estimate of severity using ordinary kriging. Calculated using a binary Moran’s I all
distributions were significantly dispersed at all ratings (P<.001), except the first above ear leaf
rating due to no points positive for SR. (11B&11C) Calculated using a quantitative Moran’s I,
southern rust quantities were clustered at the ear leaf ( P =.001) and above the ear leaf ( P =.002)
at the second and final rating.

12A

12B
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% SR

%P

Fig. 12. Pickens field in 2018. Correlation between southern rust (SR) in corn severity
(12A) and (12B) changes in Phosphorous (P) levels (P = 0.05). The interpolated color
map indicates the estimate of severity using ordinary kriging. Blue dots indicate points
rated for southern rust and points soil fertility samples were collected.
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13A

13A

Fig. 13. Grady-1 field from 2017. Correlation between southern rust (SR) in corn severity
(13A) and (13B) changes in Phosphorous (P) levels (P = 0.05). The interpolated color
map indicates the estimated severity using ordinary kriging. Blue dots indicate points
rated for southern rust and points soil fertility samples were collected.
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14A

14B

Fig. 14. Grady-2 field in 2017. Correlation between southern rust (SR) in corn severity
(14A) and (14B) changes in Phosphorous (P) levels (P = 0.05). The interpolated color
map indicates estimated severity using ordinary kriging. Blue dots indicate points rated
for southern rust and points soil fertility samples were collected.
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15A

15B

%SR

%P

Fig. 15. Plumerville field in 2017. Correlation between southern rust (SR) in corn
severity (15A) and (15B) changes in Phosphorous (P) levels (P = 0.05). The interpolated
color map indicates estimated severity using ordinary kriging. Blue dots indicate points
rated for southern rust and points soil fertility samples were collected.
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16A

16B

%SR

%P

Fig. 16. Prairie County field in 2018. Correlation between southern rust (SR) severity
(16A) in corn and (16B) changes in Phosphorous (P) levels (P = 0.05). The interpolated
color map indicates estimated severity using ordinary kriging. Blue dots indicate points
rated for southern rust and points soil fertility samples were collected.
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NDVI
17A

%SR
17B

Fig. 17. Normalized Difference Vegetative Index (NDVI) image from 11 Jun 2017
(17A). NDVI images show relative crop performance changes throughout the field with
green meaning healthiest and red meaning least healthy. The second image (17B) shows
the southern rust (SR) severity at the ear leaf on 14 Jul 2017. The interpolated color map
indicates the estimate of severity using ordinary kriging. Southern rust severity levels and
NDVI data was significantly correlated (P = 0.05).
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NDVI
18A

%SR
18A

Fig. 18. Normalized Difference Vegetative Index (NDVI) image from 5 Aug 2017 (18A). NDVI
images show relative crop performance changes throughout the field with green meaning
healthiest and red meaning least healthy. The second image (18B) shows the southern rust (SR)
severity above the ear leaf on 26 Jul 2017. The interpolated color map indicates the estimate of
severity using ordinary kriging. Southern rust severity levels and NDVI data was significantly
correlated (P = 0.05).
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19A

19B

%SR
NDVI

Fig. 19. Normalized Difference Vegetative Index (NDVI) image from 2 Jun 2018 (19A). NDVI
images show relative crop performance changes throughout the field with green meaning
healthiest and red meaning least healthy. The second image (19B) shows the southern rust (SR)
severity at the ear leaf on 6 Aug 2018. The interpolated color map indicates the estimate of
severity using ordinary kriging. Southern rust severity levels and NDVI data was significantly
correlated (P = 0.05).
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20A

20B

%SR
NDVI

Fig. 20. Normalized Difference Vegetative Index (NDVI) image from 2 Jun 2018 (20A). NDVI
images show relative crop performance changes throughout the field with green meaning
healthiest and red meaning least healthy. The second image (20B) shows the southern rust (SR)
severity at the ear leaf on 6 Aug 2018. The interpolated color map indicates the estimate of
severity using ordinary kriging. Southern rust severity levels and NDVI data was significantly
correlated (P = 0.05).
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21A

21B

%SR
NDVI

Fig. 21. Normalized Difference Vegetative Index (NDVI) image from 2 Jun 2018 (21A). NDVI
images show relative crop performance changes throughout the field with green meaning
healthiest and red meaning least healthy. The second image (21B) shows the southern rust (SR)
severity at the ear leaf on 6 Aug 2018. The interpolated color map indicates the estimate of
severity using ordinary kriging. Southern rust severity levels and NDVI data was significantly
correlated (P = 0.05).
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CHAPTER III: Effect of Corn Growth Stage on Southern Rust Severity
Abstract
Southern rust in corn is caused by the fungus Puccinia polysora and is the most
economically important foliar disease in corn for the state of Arkansas. The disease does not
overwinter in the state, but rather in the more tropical climates to the south. Not much is known
about the disease, however southern rust can cause severe yield loss if not managed correctly. The
objectives were to determine if southern rust severity influenced pre-harvest lodging, and if
severity was related to planting date and growth stage. The trial was conducted using 4-row wide
plots in 2017 and 2-row wide strips in 2018. Tests in both years had six planting dates ranging
from 15 May, 1 Jun, 15 Jun, 1 Jul, 15 Jul, 1 Aug. Lodging was not observed in either year and
southern rust was most severe in early planted plots/ strips compared to later planted plots/ strips.
In both years, southern rust infested the three earliest planting dates 2-3 weeks prior to the later
three planting dates becoming infested. In 2017, the first rating on 18 Aug indicated the plots
planted on 15 May had an average above 40% infestation, whereas the plots planted on 1 Aug
indicated no visible sign of infestation at any plot. In 2018, the first rating on 8 Aug indicated
southern rust infestation up to 5% in the plots planted on 15 May, 1 June and 15 June with no
visible sign of infestation at the three latest planted plots 1 Jul, 15 Jul, and 1 Aug. These results
suggested that southern rust severity was influenced by plant physiological factors that varied
throughout a field and are clustered. If not, all plots and strips would have roughly the same amount
of southern rust regardless of growth stage. These data build on the idea that southern rust severity
is dependent on another factor in the field, likely environmental.
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Introduction
Southern rust (SR) caused by the fungus Puccinia polysora, is a foliar disease that can
cause widespread and severe yield losses in climates favorable for the disease to thrive. The fungus
can be identified by small orange to tan pustules clustered together on the upper surface of the corn
leaf. The SR pustules tend to first be found in the lower leaves of the corn plant and when
conditions are favorable the spores advance up the plant and spread. The pathogen does not
overwinter in the state of Arkansas but instead survives through the winter in warm temperate
climates in Mexico and the Caribbean. The disease is an obligate pathogen, meaning it must have
living tissue to survive. Urediniospores are then blown in by southern winds. The spores tend to
make their way to Arkansas by the end of June but no later than 1 July.
Corn hybrids with resistance to southern rust are available that have one or more of eleven
resistance genes to P. polysora, (indicated Rpp1 to Rpp11). Growers do not commonly plant
resistant varieties due to the yield drag the resistance genes are associated with. Yield drag is a
negative effect on grain yield associated with crop plants that have a specific gene or specific trait.
Therefore, farmers tend to plant susceptible varieties with greater yield potential. Tillage practices
are not effective in controlling southern rust because P. polysora does not overwinter in Arkansas.
Foliar fungicides, typically applied by airplane, can be used to control southern rust in problematic
fields.
The average planting date for corn growers in Arkansas is April 5 (Kelly and Lawson
2017). Planting date is a cultural practice that can be used to lower the opportunity for SR to cause
an economical loss. Corn hybrids grown in Arkansas typically require 115-120 days from
emergence to reach physiological maturity (Kelly and Lawson 2017). Previous work by Futrell
(Futrell et al. 1975) designated four cornfields planted with the same variety of corn each with
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different planting dates (20 April, 8 May, 20 May, and 25 June) in Trigg county Kentucky. Fields
were scouted on 20 August for SR severity and yield data collected. The most severe (80%) SR
was in the 25 June-planted corn, the field also experienced an almost 50% reduction in yield
compared to the field planted 20 April.
The objective of this planting date study, initially, was to determine SR severity by planting
date and determine if lodging was related to disease severity. Lodging in corn is when the stalk
becomes weak and bends or breaks over due to a variety of circumstances which disables the crop
to be harvested by a combine. Corn lodging due to plants not being able to photosynthesize
properly, which creates a weak stalk, from high SR infestation is commonly thought from farmers.
Having a weakened stalk can allow plants to lodge due to trying to support too much plant mass
or wind blowing the more vulnerable plant over. Growers are highly motivated to reduce the risk
of lodging because it can lead to reduced efficiency of or even prevent an effective harvest.
Materials & Methods
A study was conducted at the University of Arkansas Rohwer Research Station in Kelso,
Arkansas in 2017 using a strip plot design. Approximately six different planting dates were used,
15 May, 1 Jun, 15 Jun, 1 Jul, 15 Jul, and 1 Aug. On each of these dates, ten plots of AgVenture
AV9583VYHR were planted four rows wide and three-meter-long, randomized with five
replications of each treatment. Of the ten plots, five were to be sprayed with a fungicide and five
were to be left untreated if SR was present. Ratings were taken at each plot upon initial detection
of southern rust and every two weeks after in the plots across an entire one row stretch in one of
the middle two rows of each plot. Growth stage was also recorded. Since the corn at any one
sample time varied in growth stage among treatments the method the corn was rated was dependent
on maturity. If the corn was in the reproductive stages, the rating consisted of a below ear leaf
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(BEL) ear leaf (EL) and above ear leaf (AEL) rating. If the corn was still in the vegetative stages,
the rating consisted of one rating of the entire plant as a percentage. Fungicides were applied in
every plot that was designated to be treated. The fungicide used was azoxystrobin, propiconazole,
benzovindiflupyr (1 L/ha; Trivapro, Syngenta Crop Protection, Basel, Switzerland) using a John
Deere 6130 tractor with a sprayer attached to hydraulic arms. The sprayer application width
covered four rows, the width of each plot. Two rows that were left unplanted between corn plots
were used as drive rows allowing the tractor to be driven through the field with the spray rig offset
over the plots. On 5 Sept 2017, each plot was rated again for SR using the same rating scheme.
The field was rated for SR for the last time on 21 Sep 2017.
Plots planted on 15 May and 1 June were harvested and yields were measured; the
remaining plots were subjected to severe drought stress due to early termination of irrigation, had
no yield potential, and were therefore not harvested. A three-meter implement was placed
between the middle two rows of the plot and the corn was hand harvested from the two middle
plots in the three-meter stretch. All ten plots of the 15 May planting date were harvested on 21
Sep, and all ten plots of the 1 Jun planting date were harvested on 4 Oct. Harvested corn was
placed in labeled trash bags that coincided with the plot numbers. The corn kernels were
harvested from the ear with a manual thresher and each plot was individually weighed to
calculate yield.
In the summer of 2018, a similar planting date study was conducted at the Rohwer Station
in Kelso, Arkansas. Approximately six different planting dates were used, 15 May, 1 Jun, 15 Jun,
1 Jul, 15 Jul, and 1 Aug. The same hybrid, AgVenture AV9583VYHR, was planted. Differentiated
from 2017, the 2018 planting date study was conducted in two row strips rather than four row
plots, mainly due to weed problems with the plots due to the excess bare soil. To avoid premature
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irrigation termination in 2018 the trial was placed within a commercial field that was planted in
soybeans, and regular irrigation occurred throughout the study. The two row strips were planted
the length of the field being 122 meters long. Within these strips was an eleven-meter border at
each end of the strips with designated rating points every ten meters throughout each strip. There
were a total of ten points per two row strip and one hundred eighty points total across all strips.
The designated rating points were marked with spray paint on the stalks to ensure ratings were
taken from the same spot every time. Each individual planting date was replicated three times
across the field, in a randomize complete block design, with two row borders between strips.
Ratings were taken at each point upon detection and every two weeks after in the strips across a
one row three-meter section with the point being the center, 1.5 meters on each side. Each point
was rated for southern rust severity as a percentage BEL, EL, and AEL if the corn was in
reproductive growth stages. Later planted strips still in vegetative growth stages were rated for
percent severity and then height of infection up the plant. The trial was scouted for SR every week
starting 27 June 2018 and the disease was first confirmed on 7 August 2018. Three ratings were
recorded; 8 Aug, 22 Aug, 5 Sep. Fungicides treatments were not included in the 2018 study.
All data from both years were entered in to an Excel spreadsheet (Microsoft Corp.,
Redmond, Washington, USA). The ratings for all plots and points per strips were averaged for
each planting date and fungicide treatment.
Data were transformed by taking the Log10 of (x + 1) and subjected to ANOVA in R
(RStudio v1.1.463, R Core Team, 2018) and means separated using Tukey’s Honestly Significant
Difference test α=0.05. Means were back transformed for presentation.
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Results
On 16 Aug 2017, SR was confirmed in the research plots and on 18 Aug 2017, the field
was rated at each plot for severity of SR. At this time, the corn varied at growth stage from R5.5
at the 15 May planting date to V4 at the 1 Aug planting date. The 2017 results indicated the most
severe SR pre-spray was the 15 May at almost 45%, with 1 June, 15 June, and 1 July, all having
less than 25% as an average for all sixty plots (Figure 1). Southern rust incidence was less than
5% throughout the whole test on the 15 July planting date. No SR was found in the 1 August
planting date rated on 18 Aug 2017. The untreated checks showed the greatest SR severity on the
15 May planting date at 40%. Southern rust severity reduced gradually by planting date; 1 June at
25%, 15 June 15%, and the other planting dates less than 15% (Figure 1). The results from the
untreated plots on the second and final rating on 5 September 2017 showed the most severe SR
overall with planting dates 15 May, 1 June, both being 100%. The 15 June check was 56%, 1 July
54%, 15 July 25%, and 1 August 15% (Figure 2).
The 2018 results indicated that SR was most severe in early planted strips rather than in
later planted strips across the entire research trial over three ratings. On 8 August 2018 the field
was rated for SR severity at all points for the first time .The rating indicated that SR was found in
the three earliest planting dates 15 May, 1 Jun, 15 Jun, and no visible infestation of SR was found
at any of the three later planted strips, 1 Jul, 15 Jul, 1 Aug. On 22 August 2018 the field was rated
again across all strips, SR was found in planting date strips that include 15 May, 1 Jun, 15 Jun, 1
Jul but not in the two latest planting date strips 15 Jul, 1 Aug (Figure 3). The final rating was taken
on 5 September 2018. This rating indicated that SR was found at all points at the first 4 planting
dates 15 May, 1 Jun, 15 Jun, 1 Jul. At this rating, SR was also found in the two latest planted strips,
15 Jul 1 August, but not at every individual point in every strip (Figure 4).
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In 2018, the 5 September rating indicated that SR was most severe in early planted strips
and the severity decreased with later planted strips (Figure 4). The results from the 5 September
rating also indicated the most severe SR was in the BEL ratings decreasing to the EL rating and
the least SR severity being in the AEL ratings.
Plots treated with a foliar fungicide application in 2017 did not provide adequate data that
represented or added weight to the study. Yield data collected from 2017, added no weight in the
research.
Discussion
Southern rust has been a disease concern for farmers due to its ability to reproduce rapidly.
Because of rapid reproduction, farmers and consultants often find the disease after it is already
“severe” due to infrequent scouting. Further, rumors of the entire corn crop lodging due to SR are
common. This planting date study was originally done to determine if severe SR would lodge corn.
However, the corn did not lodge due to SR severity in 2017 nor 2018. Additionally, the lack of
SR development in vegetative stages alongside corn in reproductive stages with SR, and at times
tremendous inoculum loads is curious.
In the 2017 growing season, SR was first confirmed in the research plots on 16 Aug, and
at this time, most farmers’ corn crops in the area were at physiological maturity and approaching
harvest. When the plots were rated on 18 Aug the data showed the greatest levels of SR were in
the 15 May planting date and the levels decreased with later planting dates. The 1 Aug planting
date plots had no SR at this rating. With ample inoculum in the field, and surrounding the latest
planted plots, the 1 Aug planting date should have been heavily infested with the disease if it were
in a susceptible condition. In addition, the weather patterns at this time were considered conducive
for disease development. This presents further questions as to the nature of establishment of this

71
disease. After one year, this evidence suggests that the environment inside the later planted plots
was not as conducive for disease development as it was for the earlier planted plots, likely due to
either canopy density or the plant possibly becoming more susceptible as it matures. While
maturity may play a factor in disease development, it is more likely that the later planted plots
provided less protection from UV radiation and were not as dense, and the humidity inside the
plots was not as high. These results are consistent with the findings from Chapter 2 that suggested
changes in canopy density or possibly plant health and vigor could result in relatively different and
spatially variable severities of SR in a field.
During the 2018 growing season, SR was not as severe as in 2017. SR was first confirmed
in the test on 8 August, and most of the commercial corn in the area was at physiological maturity
and awaiting grain dry down to harvest. When the corn strips were first rated on 8 August 2018,
SR-infested points were present in the three earliest planting date strips but not in the three later
planting date strips. Throughout all three-ratings, SR severity was greatest in early planting date
strips and most severe lower in the canopy in all strips infested with SR. During the 22 August
rating, early planting date strips were found to have high levels of SR and the strips on either side
(later planting dates) had no visible signs of SR across all ratings (Figure 5). This data from 2018
build the case that SR severity is not a random occurrence, if random, all planting date strips would
be infested with SR around the same time frame. Maturity may play a small role in the occurrence
and severity of the disease. However, the earlier planting date strips had a much thicker canopy.
This adds strength to the findings of Chapter 2 in this thesis where SR reproduces under
environmental conditions favoring higher humidity and protection from denser canopy.
More work needs to be conducted on yield loss and fungicide efficacy regarding SR. Yield
data was only collected from two planting dates in 2017 and none in 2018. The trial was not set
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up well in regard to yield data due to irrigation termination, lack of heat units in later planted corn,
etc. Foliar fungicide applications were applied in 2017 but not in 2018. While the foliar fungicide
was effective in controlling the disease when applied, the data was deemed unnecessary or
inappropriate in this study.
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Fig. 1. Average of the total southern rust severity rating on 18 Aug 2017 at different planting
dates. Columns with the same letter are not significantly different using Tukey’s Honestly
Significant Difference test α = 0.05.
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Fig 5. May 15 2018 planting date strip (right) showing high levels of southern rust severity. 1
Aug 2018 planting date strip (left) showing no southern rust infestation.
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Appendix 1 IPM Exercise: Problematic pests in South East Arkansas

Introduction
The cotton bollworm (Helicoverpa zea) is a troublesome pest in cotton while in the larval
stage. The moth is also commonly referred to as the corn earworm or the soybean pod worm
depending on the specific crop it is feeding on. In 1841, the bollworm had become a prominent
enemy to cotton crops in the southern United States (Glover, 1855). The bollworm overwinters
in the soil near host plants in the pupal stage. During the spring, when warmer temperatures
arrive the pupae leave the soil and become adult moths after eight or more days. Typically,
bollworm moths are attracted to and lay eggs in cotton that is producing rapid new growth. The
moths usually lay single eggs in the upper third of the plant on young terminal leaves. Larvae
hatch and move down the plant eating leaves and burrowing in to bolls, which ruins the boll due
to rot (Figure1). Best management options include planting BT varieties and scouting the cotton
weekly for larvae and applying an insecticide application if needed.
Materials & Methods
The movement and distribution of bollworm moths across Southeast Arkansas was tracked
using a series of bollworm cage traps. Traps were set in nineteen locations (Table 1). Drew County
had five trap locations, (N 33.7548313, W -91.5306576), (N 33.5076058, W -91.4956111), (N
33.6805075, W -91.526025), (N 33.6526925, W -91.710665), (N 33.6276, W -91.4554). Lincoln
County had six trap locations (N 34.0064391, W -91.783839), (N 33.873932, W -91.634009), (N
33.962668, W -91.63445), (N 34.062423, W -91.657499), (N 34.03683, W -91.709704), (N
33.961047, W -91.785913). Ashley County had five trap locations (N 33.2285317, W 48.5532528), (N 33.330455, W -91.489885), (N 33.229037, W -91.506774), (N 33.170174, W -
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91.52634), (N 33.121712, W -91.573038). Desha County had three trap locations (N 33.8016347,
W -91.2798556), (N 33.881, and W -91.4489), (N 33.6893, W -91.3361).
The traps were set in position the last week of May and the first week of June 2017.
Hartstack traps best described as a funnel traps with pheromone strips inside the traps, which
invoked bollworm moths to fly in the trap and be caught (Hartstack and Witz 1981). The traps
were checked at the end of every week by hand counting every moth and cleaning the traps of
moths for the next week. The pheromone strips were changed out bi-weekly and the used strips
were discarded. The last date the traps were checked was 18 Aug 2017 with moth numbers
declining. The locations for each trap were marked and recorded in decimal degrees and data were
recorded on an Excel spreadsheet (Microsoft Corp, Redlands, WA). ArcMap was used to create a
state map with trap locations highlighted throughout Southeast Arkansas. The “add x-y” tool was
used to georeferenced the locations of traps on a projected Arkansas state map downloaded from
Geostor and created in ArcMap (Figure 2).
Results
This research was conducted in the summer of 2017 to try to understand bollworm
population distributions and how the moths travel in relation to water corridors. In addition, the
work was done to find a way to monitor and manage these pests in a more logical and economical
way. Consultants and county agents commonly run these types of traps to monitor bollworms on
farms they monitor for farmers. They use these traps as an early indicator, when high counts arrive
in the traps it gives them an opportunity to scout fields that could be most affected by the insect’s
presence. In our view, this was an exercise to understand how to deliver information. By mapping,
we can see upward and downward spatial trends in the region. Of concern, is the placement and
number of traps, or sample points in any regional estimation of pest incidence. There was a

81
shortage of County Agricultural Agents that normally would manage these traps. I also, have
career goals that involve crop consulting. This exercise allowed a preliminary evaluation of
regional mapping schemes and gave me experience in pest management outside of plant pathology.
It is included in this thesis as a record of my participation as well as a reminder to those who may
read it of opportunities that arise when we have a willingness to work and learn.
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Appendix
Tables
Tab. 1. Bollworm trap locations and counts for 26 May 2017 – 18 Aug 2017.
County

X Coordinates

Y Coordinates

5/26/17

6/1/17

6/8/17

6/15/17

6/22/17

6/29/17

7/6/17

7/12/17

7/20/17

7/27/17

8/3/17

8/10/17

8/18/17

Drew

33.7548313

-91.5306576

22

12

18

57

282

172

146

149

62

139

51

40

13

Drew

33.5076058

-91.4956111

26

10

9

3

39

X

82

241

51

41

41

14

137

Lincoln

34.0064391

-91.783839

X

10

2

2

6

30

25

41

32

8

6

7

7

Ashley

33.2285317

-48.5532528

X

77

50

3

166

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Drew

33.6805075

-91.526025

48

41

10

3

3

20

20

20

17

17

7

2

15

Desha

33.8016347

-91.2798556

131

128

461

67

361

251

43

311

164

3

3

37

22

Drew

33.6526925

-91.710665

247

288

178

166

568

441

438

478

529

114

13

44

67

Desha

33.881

-91.4489

X

X

X

67

266

161

93

84

81

26

22

28

27

Desha

33.6893

-91.3361

X

X

X

12

17

13

13

16

21

24

7

17

3

Drew

33.6276

-91.4554

X

X

X

10

1

21

32

6

15

11

4

8

2

Lincoln

33.873932

-91.634009

X

X

X

3

107

73

43

43

27

10

6

17

17

Lincoln

33.962668

-91.63445

X

X

X

11

191

28

13

15

60

9

5

13

13

Lincoln

34.062423

-91.657499

X

X

X

2

72

42

47

51

25

18

11

1

8

Lincoln

34.03683

-91.709704

X

X

X

5

54

41

10

45

11

106

7

34

51

Lincoln

33.961047

-91.785913

X

X

X

0

1

8

5

14

3

2

3

1

2

AShley

33.330455

-91.489885

X

X

31

18

69

48

284

357

84

27

14

47

43

Ashley

33.229037

-91.506774

X

X

7

2

7

15

20

20

51

44

12

26

33

Ashley

33.170174

-91.52634

X

X

X

4

88

1

8

14

14

2

3

5

55

Ashley

33.121712

-91.573038

X

X

X

0

2

1

32

26

26

26

11

17

8
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Figures

Fig.1. Cotton bollworm damage on a cotton boll.
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Fig. 2. Bollworm trap locations for crop year 2017 (ESRI, Redlands, California, USA).
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Conclusion
Southern rust in corn is caused by the fungus Puccinia polysora (Underwood) and is the
most economically important foliar disease of corn in Arkansas. The disease does not overwinter
in the state nor does it infect corn planted in the same fields or arrive at the same time annually.
Not much is known about this foliar corn disease, with little research available or currently being
conducted. Disease identification and management decisions are often left solely to the farmers
since most do not hire a corn scout. The disease has been reported to cause severe yield loss if
the appropriate management decisions are not made.
Puccinia polysora is commonly thought to occur randomly within fields. The results
from this work concluded that the disease was not random but had a uniform incidence upon
establishment (found at most or all data collection points across the field) and then built
preferentially in areas of the field (clustered severity) in all seven research fields over two
growing seasons. These findings are important because they allow opportunities to improve our
understanding of disease occurrence and why these areas might be more suitable for pathogen
reproduction and disease severity. A correlation existed between changes in southern rust
severity and relative changes of soil phosphorus in five of the seven fields, likely due to higher
levels of phosphorus creating a healthier corn plant which resulted in a more conducive area of
the field for disease development. This is likely explained by canopy density and the
microclimates created by changes in canopy density. Also, a correlation existed between early
June Normalized Difference Vegetative Index (NDVI) calculations and changes in southern rust
severity in all four fields where early June NDVI images were present. Overall, these findings
are important because the aggregated nature of the disease allows for development of a
predictive scouting models using soil phosphorus maps or early NDVI images. These tools can
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be used by farmers and consultants to save time in scouting and provide more timely
management decisions. Rumors of corn lodging, falling over, due to southern rust scares farmers
in to making unnecessary management decisions. Chapter III showed that lodging was not
observed in either year with high southern rust infestation over both years in the research plots.
Southern rust severity was related to planting date and growth. During both growing seasons,
high inoculum in earlier planted corn did not result in high southern rust severity in later planted
corn. Both years showed that the earliest planting date plots or strips had 50%+ southern rust and
the latest planting date plots or strips would have less than 1% southern rust at the same time of
rating. This data adds weight to the idea that the disease is not random in nature and likely
dependent on something environmental. If not tied to sub-field environmental conditions, the
southern rust severity would be relatively the same across all planting dates and solely dependent
on availability of inoculum and the regional environment.

